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This paper investigates the relationship between learning style, as determined by
Kolb’s Learning Style Inventory, age and one measure of academic performance
in design assignments for two cohorts of first- and third-year architecture students.
The paper focuses on the results of a cross-curriculum learning style survey
conducted as part of a project aimed at resolving the learning difficulties of
students collaborating in multi-disciplinary and multi-cultural team assignments.
The research was conducted to determine how learning style differences in
heterogeneous teams might be addressed through pedagogy. In light of evidence
in student cohorts of learning style changes towards the learning styles of design
teachers as students progress through their studies, this paper demonstrates how
these changes reflect a statistically significant relationship between learning styles
and academic performance in design assignments.
Keywords: learning spaces; learning styles; studio andragogy
Introduction
The study described in this paper had its genesis in earlier research aimed at ‘Enhanc-
ing independent experiential learning for international undergraduate students’ and
‘Establishing best-practice principles for the teaching of group design projects’. The
earlier research conducted a two-year study of the relationships between different
learning styles, teaching approaches and cultural systems in design education. Previous
published findings on the research have been restricted to discussing: firstly, the
academic acclimatisation of international students (Tucker & Ang, 2007); secondly,
differences in learning styles between cohorts and evidence of learning style changes
in student cohorts as students progressed through their studies (Tucker, 2007); and,
finally, evidence that this learning style ‘drift’ was a result of students learning how
to learn as their design teachers learn (Tucker, 2008b).
As it is clear that student learning-styles adapt to the assessment demands and
rewards of their academic discipline, this paper investigates whether this adaptation is
evidence of a relationship between learning styles and academic performance. It was
expected that we would find in our sample congruence between learning styles, teach-
ing styles and level of performance as measured by assessment scores. This hypothesis
is informed by ‘matching’ theories correlating learner preferences, teaching and the
nature of what is to be learned (Hayes and Allinson [1993, 1996] provide summaries
*Email: rtucker@deakin.edu.au
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of a number of ‘matching’ hypotheses and evidence relating to them). The conceptual
frame adopted in the exploration of this ‘matching’ possibility is the most commonly
applied learning model to design education research, namely the ‘accommodating’,
‘diverging’, ‘assimilating’ and ‘converging’ categories seminally defined in the
Experiential Learning theory of Kolb (1984).
1. Research in design education connecting learning style to academic 
performance
Much has been written about the relationship between learning styles and academic
performance (see, for instance, Davies, Rutledge, & Davies [1997]; Lynch, Woelfl,
Steele, & Hanssen [1998]; Smith & Kolb [1996]), although there is a paucity of research
in this area within the context of design education. Some educators suggest that high-
achieving secondary education students share similar learning style preferences (Barbe
& Milone, 1979; Dunn, 1993; Griggs & Price, 1980; Ricca, 1984; Ross & Wright, 1987)
and that these preferences may account for differences in their academic achievement.
Canino and Ciccheli (1988) also recognise the possibility of an interaction effect
between learning style and learning activity on learning achievement. This matching
argument is consistent with the views of Ash (1986), Mumford and Honey (1986),
Mumford and Honey (1993) and Kolb (1984). There have been noted correlations in how
higher education learners learn, measured by learning style, and how much a learner
learns, measured by cumulative grade point average (Torres, 1993; Torres & Cano,
1993). Cano’s (1999) findings indicated that for higher education students, learning style
positively influences academic achievement. Felder and others (Felder & Silverman,
1988; Lumsdaine & Lumsdaine, 1993; Sternberg & Grigorenko, 1997) have discussed
how a mismatch between students’ styles and the nature of what is taught and how it is
taught is related to comparatively lower motivation and poorer academic performance.
In 2003, Demirba[scedil]  and Demirkan published research analysing the relation of
learning styles and performance scores for design students in a department of Interior
Architecture and Environmental Design (Demirba[scedil]  & Demirkan, 2003). They found
that there were statistically significant differences between the performance scores of
students having different learning styles in different stages of design education in the
context of studio project-based learning. However, the research showed no relation-
ship between learning styles and the overall performance of design students at the
completion of their studies.
Roberts (2006) considered the relationship between cognitive styles and student
progression in architectural design education. In contrast to what Robert’s review of
the literature suggested, namely that students with a tendency to think holistically may
have an advantage over more analytic students in learning to become architects, Roberts
results suggested the reverse of this hypothesis. Namely, that students categorised as
‘analytic’ performed better than the other groups, especially in the early stages of their
architectural education. The study concluded that ‘although analytic students appear
to have an advantage in their early years, by the time they graduate cognitive style may
have little effect upon their performance in design project work’ (Roberts, 2006, p. 179).
It has been argued that cognitive style also affects how people teach (Garlinger &
Frank, 1986). As Hayes and Allinson (1996) explain, ‘this gives rise to a second pair
of matching hypothesis: when learners and trainers are matched in cognitive style
there will be a positive effect on learning achievement, and when learners and trainers
are matched in cognitive style trainees will have more positive attitudes towards their
¸
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trainers’ (p. 3). This hypothesis implies that students with learning styles that match
the learning styles of their teachers or trainers may perform better in assignments than
mismatching students. We shall consider evidence of this possibility in Section 4.
2. Learning style inventory – methodology
The research presented in this paper investigates the learning styles of 152 undergrad-
uates at an Australian school of Architecture and Building. It then evaluates and
compares for 108 of these students the relationship between academic performance
and the different learning styles of students from two different year groups – first- and
third-year – enrolled in either a Bachelor of Arts (Architecture) or a double degree
Bachelor of Architecture/Construction Management. Learning style preferences were
gathered through the Kolb Learning Style Inventory (LSI: Kolb, 1984). Using this
instrument in conjunction with student results, our research considered two questions.
Firstly, is there a significant relationship between learning styles and the academic
performance of students submitting design assignments? And, secondly, could better
academic performance in design assignments be attributed to the influence of other
variables such as age, gender and culture of origin.
2.1 Participants
The participants in this study are identical to those detailed in the two studies precursory
to this research (see Tucker, 2007, 2008b). Thus, all first- and third-year Architecture
and Construction Management (CM) students enrolled in 2006 were asked to volunteer
to complete a questionnaire and learning style inventory; 104 first-year students and
48 third-year students participated in this study.
Of the first-year participants, 27 were CM students, 52 were Architecture students
and 25 students were enrolled in a combined Architecture/CM double degree. Of the
first-year students, 63 were male and 41 were female and their ages ranged from 17 to
25 years. Of the third-year students, 29 were studying Architecture and 19 were
enrolled in the double degree. The third-year cohort contained 27 males and 21
females and, again, the students’ ages ranged between 17 and 25 years.
Procedures governing the recruitment of students, their briefing and questioning
and the collection and storage of data were approved by a university Ethics Committee
(EC 78-2006). There were no risks, stresses or discomforts imposed on research
participants. The project rationale and non-compulsory nature of participation was
fully explained to potential participants. Participation was entirely voluntary and only
on the basis of informed consent and did not, of course, have any bearing on students’
results in the courses being surveyed or any other course. While questionnaires sought
personal opinions, the information was not of a nature likely to offend. Questionnaires
were solely accessible to the research assistant who collected them from participants.
This assistant was not involved in teaching or assessment at the sample institution.
Participants’ identifying information was stored separately from project data.
2.2 Materials
Due to its simplicity and the short time it takes to complete, LSI2 was used in this study
in preference to other learning style measures (such as the Cognitive Style Index of
Allinson and Hayes [1996] or Vermunt’s Inventory of Learning Styles [1992]) that
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might, it has been argued (Coffield, Moseley, Hall, & Ecclestone, 2004), offer more
robust analyses. The simplicity of the LSI was a consideration that was significant when
asking over 150 undergraduates to volunteer to complete learning style questionnaires.
Kolb developed LSI2 to improve the reliability of the instrument (Sims, Veres,
Watson, & Buckner, 1986). This second version continues to be well used despite
criticisms of its construct validity, its response-set bias, its stability over time and its
predictive ability (Koob & Funk, 2002; Ruble & Stout, 1991). The third version
randomises the scoring items and, according to Kolb (EBLS, 2002), improves the test-
retest reliability. Whilst recognising deficiencies in Version 2, it was believed that for
the present study this version was the more appropriate to use. This choice was largely
to enable a comparison of results to those of prior studies using the same version and
because Version 3 is relatively untested empirically. Future research could, of course,
make use of the newer instrument.
2.3 Procedure
The LSI is self-administering and contains simple instructions and an example. The
four scales contained within all have good internal reliability as measured by
Cronbach’s alpha (.82, .73, .83, and .78, respectively: Kolb, 1984). After completing
the LSI, four scores are calculated using the test key. These scores are clustered under
four modes of the learning cycle as CE (concrete experience), RO (reflective observa-
tion), AC (abstract conceptualisation) and AE (active experience). In the next stage,
by subtracting CE from AC and RO from AE scores, two combined scores are deter-
mined that show the position of the individual learner in the two bipolar scales. The
two scores refer to the different ways by which students learn: the first (AC–CE) is
how a student perceives new information or experience and the second (AE–RO)
is how a student processes what is perceived. In other words, the combined score
indicates the learning style preference of that individual. As is normal practice in the
Kolb model (1985), the axes that distinguish the learning spaces of the four learning
styles has been shifted in this study from the zero, zero point to an empirical norm
(AC–CE = 3,4; AE–RO = 5,6).
Assessment of academic performance was based on the following measures. Each
student was assessed on three design assignments and a portfolio. Each design assign-
ment and portfolio was marked independently by three design teachers (lecturers) and
moderated by their course co-ordinator (a Professor). Only one of the four assessors
was directly involved in this research program. The marking was subjective, but
informed by a taxonomy of design (see Tucker, 2008a).
3. Results – Southern Drift in the learning styles of first- and third-year 
architecture and architecture/construction management double degree students
Our previous research reported a learning style drift between first- and third-year
cohorts (Tucker, 2007), such that the eclectic scatter of learning styles seen for all first
years was replaced by a range that had predominantly shifted for all third-year students
towards converging and assimilating learning (see Figure 2) – styles termed by Abbey,
Hunt, and Weiser (1985) as ‘Southerner’ (the name corresponds to the spatial location
of this ‘secondary’ (as Kolb refers to it) style in the two-dimensional LSI cycle). As
is the case for Abbey et al., in our paper the term Southerner is used to refer to the
three learning styles of the ‘Southern hemisphere’; namely, ‘Thinking-Acting’,
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‘Thinking Acting-Reflecting’ and ‘Thinking-Reflecting’ (see Figure 1). This terminol-
ogy is in contrast to that adopted later by Kolb and Kolb (2005), who used the term
Southerner, in their ‘Nine-Region Learning Style Type Grid’, to apply only to the
‘Thinking Acting-Reflecting’ style. Our research showed that an analysis of variance
results was qualified by a chi-square analysis examining the relationship between
student year level and the Southern and Northern dimensions of the Kolb Learning
cycle. Although not significant at the .05 alpha level, the analysis revealed there to be
a move approaching a significant trend in the data χ2(1, N = 151) 3.109, p > .07
towards Southerner learning in third year.
Figure 1. Kolb learning cycle and learning styles (source: Tucker, 2008b).2 Graphs showing Kolb learni g style distrib tions of two 6 cohorts: 2.1 – all first-year; 2.2 – all third-year.Through their nine-region classification, Kolb and Kolb (2005) discuss the
dynamic state ‘of learning style and its formation through transactions between the
person and environment’ (p. 199). Here, the dynamic nature of the formation process
of learning style is elaborated by the concept of ‘learning spaces’ a framework for
understanding the interface between student learning styles and the institutional
learning environment. The Kolb concept of learning spaces is informed by four prior
theoretical frameworks: firstly, Kurt Lewin’s field theory and concept of life space (as
Marrow (1977) puts it, ‘the total psychological environment which the person experi-
ences subjectively’ (p. 35), secondly, Urie Bronfrenbrenner’s (1977) work on the
ecology of human development (which provides a framework for analysing the social
structures that influence learners’ experience of their learning spaces), thirdly, situated
learning theory (Lave & Wenger, 1991) (which describes learning situations as
embedded in communities of practice that have a history, norms, tools and traditions
of practice) and, lastly, Nonaka and Konno’s (1998) theory of knowledge creation
Figure 1. Kolb learning cycle and learning styles (source: Tucker, 2008b).
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(which introduces the Japanese concept of ‘ba’ – a shared space that is the foundation
for knowledge acquired through experience or reflections on the experiences
of others).
Kolb and Kolb’s (2005) concept of learning spaces suggests ‘that student learning
style scores may be a way to describe the institutional learning spaces experienced by
Figure 2. Graphs showing Kolb learning style distributions of two 2006 cohorts: 2.1 – all
first-year; 2.2 – all third-year (source: Tucker 2007).
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students’ (p. 204). In line with this concept and that of learning situations being
embedded in communities of practice, Nulty and Barrett (1996) suggest that the
dynamic state of learning styles evidences students’ induction into the academic
culture of their chosen discipline. The next stage of our research investigated, there-
fore, the possibility that the Southerner learning style is that which we might expect
to dominate in the design teachers who taught the students in our sample.
3.1. Southerner teaching – the learning styles of built environment academics
To test whether Southern Drift in the learning styles of built environment students
was evidence of induction into academic culture, in the second semester of 2006 all
the sample students’ teachers were asked to complete the Kolb LSI. Out of 27 staff,
26 completed the inventory. As reported in our previous research (Tucker, 2008b),
the most noteworthy statistic born out of the comparison of staff and student
learning styles was revealed when the mean learning style of the design staff was
compared to the mean learning styles of those cohorts that study design. For when
a  line was plotted from the origin of the Kolb graph (at AC–CE = 5.75, AE–RO
= 3.75) to the mean learning style of the design staff (at 10, 0.5), this line first
passes close to the mean learning style of the first-year architects (5.5, 6.8) and then
directly between the mean learning styles of third-year architects (at 2.5, 8.9) and
third-year double-degree students (at 3, 9.5) (Figure 3). Thus, we reported that it
Figure 3. Graphs showing Kolb learning styles for academic teaching staff at Deakin and the
relationship between these and the learning styles of students. 
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appears that the first-year architects in our sample were on a direct course to adapt-
ing to learning in a style that precisely matched the learning style of their average
design teacher.
Figure 3. Graphs showing Kolb learning styles for academic teaching staff at Deakin and the relationship between these and the learning styles of students. In order to further explore how the learning space interface between student learning
styles and the institutional learning environment might explain the increased proportion
of third-year Southerner learners in our sample, a further study was embarked upon to
look for possible relationships between academic performance and the variables of
learning styles, age, year level, gender, degree of study and country of birth.
4. Results – the relationship between learning styles and academic performance
Preliminary analyses assessed the normality of the mark distribution by age, year
level, gender, degree, country of birth and learning style. The analyses tested the
hypotheses that learning style drift, from Northerner learning in first-year design
cohorts to Southerner learning in third-year design cohorts, could be related to better
academic performance in design assignments by Southerner learners. To negate the
effect of the variable of academic experience on the results, analyses were restricted
to looking at first-year grades, such that only the first-year first-semester design grades
of all the design students who had completed the LSI in 2006 (i.e. both the first- and
third-year cohorts) were included in the sample. This restriction might also elucidate
the possibility that newly arrived students with learning styles close to their design
teachers may have an advantage in design assignments. Results indicated acceptable
skewness and kurtosis values. Similarly, there were no significant outliers – the
distribution of marks was normal across the majority of independent variables (all
Kolmogorov-Smirnov: p < 0.05). For those that violated the Kolmogorov-Smirnov
test for normality (Degree: Double Degree Students – Kolmogorov-Smirnov 0.144,
p > 0.042; country of birth: Europe – Kolmogorov-Smirnov 0.308, p > 0.044) an
examination of the Normal Probability plots (Normal Q-Q Plots) suggested acceptable
normality to continue with further analyses.
A number of analyses of variance were conducted with the first-year first-semester
design cohort. First-year design mark was the dependent variable, with age, year level,
gender, degree, country of birth and learning style as the independent variables. It
should be noted that with the increased number of analyses of variance the probability
of a Type 1 error increases. To correct for this increased error rate, a corrected Bonfer-
roni adjusted alpha (alpha (.05) / n (number of comparisons = 16) level of .003 was
utilised. While the majority of the one-way analyses of variance did not violate the
assumption of homogeneity of variance (all Levene’s: p < 0.300), the one-way analysis
of variance comparing differences in student first-year design marks across learning
styles did violate this assumption (Levene’s 4.846, p = 0.003) and results should there-
fore be interpreted with caution.
The one-way analyses of variances comparing the first-year first-semester design
marks across year levels, degree, gender, country of birth and learning styles all failed
to approach a statistically significant result (all p < 0.132). However, the one-way
analyses of variance comparing differences in first year design marks across age
groups did reveal that students in the 21+ age group (M 67.64, SD 8.29) achieved
higher design marks (f[1, 106] 5.299, p < .023) compared to students aged between
17–20 (M 63.95, SD 6.60).
That student learning-styles did not affect first-year design marks is perhaps not
surprising given our previous research. Previous findings have indicated that what
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differentiated the learning style composition of design cohorts as they progressed
through their studies was not a bias towards one the four Kolb learning styles, but
rather a bias towards Southerner learning in latter cohorts. As learning styles have been
shown to be informed by assessment demands and rewards, this Southerner bias
suggests a relationship between academic performance and the polarity of students
learning style. In order to explore this possibility, the LSIs of the students in our
sample were identified as either ‘Northern’ or ‘Southern’ so that preliminary analyses
could be conducted on these recoded variables. Results indicated acceptable skewness
and kurtosis values. Similarly, there were no significant outliers as the distribution of
marks was normal across both dimensions (Kolmogorov-Smirnov: p < 0.20). An
examination of the Normal Probability plots (Normal Q-Q Plots) reinforced acceptable
normality for continuing with further analyses. As it was predicted that Southerner
learners would perform better than Northerner learners, a one-tailed independent
samples t-test compared first year design marks between the two groups. Results indi-
cated that the distributions satisfied the assumption of equal variance (Levene’s .519,
p < .473) and that Southerner learners (M 66.963, SD 6.507) performed better in the
first-semester first-year design unit (t (106) –1.827, p > .0355) than Northerner learn-
ers (M 64.086, SD 7.26).
To make sure that the difference in marks between Southerner and Northerner
learners was not being driven by a greater number of Southerner learners being in the
older age group (as the previous results indicated that older students [21+] performed
better in first year design) a chi-square analyses compared students age and Southern
and Northern learning styles. Results indicated the proportion of students aged
between 17 and 20 (Northern: 76.5%; Southern: 77.8%) and 21+ (Northern: 23.5%;
Southern: 22.2%) was equal across both Southerner and Northerner learning styles
(χ2[1, N = 108] 0.017, p < .895). Therefore, the effect of Southerner learners achiev-
ing higher grades in the first-semester first-year design unit is not explained by there
being more Southerner learners in the older age bracket (i.e. 21+).
Conclusion
The study reported here was prompted by an investigation into the possibility of
adapting styles of teaching to the learning styles of international architecture students
in the context of a third-year collaborative design project. This led to an analysis of
the relationship between academic performance and the learning style characteristics
of 108 first- and third-year domestic and international students enrolled in architecture
design courses. In the course of this study, we have considered four questions that we
shall now revisit. The first two questions are recapitulated from our previous two
studies in this area (Tucker, 2007, 2008b).
(1) Are there marked differences between the learning style profiles of the first-
and third-year cohorts? Research revealed a statistically significant relationship
in our sample between learning styles and year of study, suggesting a Southern
Drift towards the abstract conceptualisation mode of the learning process as
students progress towards the completion of their studies. As a large part of
design education is concerned with the development of new learning skills,
values and knowledge so that eventually students are able to think and do as
their teachers, we might expect learning styles to move away from the diversity
of high school students to the specialist learning styles of built environment
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academics. The research of Powell and Cardona (unpublished), Kolb (1982),
Nulty and Barret (1996) and Demirba[scedil]  and Demirkan (2003), whilst all report-
ing different learning style profiles in different kinds of cohorts and teacher
groups, is entirely consistent with this hypothesis. Of course, as we shall
elucidate in a moment, the case for a Southern ‘Drift’ can only remain a hypoth-
esis until a longitudinal repeated-measures study of the cohorts allows for
learning style surveys of students throughout the five years of their education.
(2) Is the Southern Drift in the learning styles of built environment student cohorts
in our sample evidence of gradual induction into academic culture? The
research discussed has detailed evidence of learning style changes towards the
Southerner learning styles of design teachers in student cohorts as they
progress through their studies.
(3) Is there a relationship in the sample between learning styles and academic
performance in design assignments? The research has demonstrated evidence
that Southerner learners perform better in first-year design assignments than
Northerner learners. This may explain why a third-year design cohort has
markedly more Southerner learners than Northerner learners while this bias is
not evident in a first-year design cohort. Of course, whether this is evidence of
‘survival of the fittest’ – i.e. of Northerner learners dropping out of architec-
ture as they progress through their studies – or evidence of learning style
fluidity in students, who are adapting to assessment demands and rewards, will
remain a suggestion until further evaluation allows for learning style surveys
of students throughout their design education. However, both possibilities –
that students’ learning styles drift towards those of their teachers and/or that
students with learning styles close to their teachers perform better – are
entirely in line with the matching hypotheses of Hayes and Allinson (1996).
(4) Can any relationship in the sample between learning styles and academic
performance in design assignments be accounted for by any other variable?
Gender and culture of origin was shown to have no significant effect on grades.
However, comparing differences in first-year design marks across age groups
revealed that mature age students (in the 21+ age group) achieved higher
design marks than students in the 17–20 year age-bracket. However, the effect
of Southerner learners achieving higher grades in the first-semester first-year
design unit is not explained by there being more Southerner learners in the
older age bracket. The better performance by mature age students contradicts
previous research suggesting that such students lack the basic skills needed for
effective studying in higher education as they may be out of practice in the art
of learning (see Percy, 1985; Roberts & Higgins, 1992). Our findings are,
however, entirely in line with research indicating that mature age students have
a ‘deeper’ approach to learning than non-mature students (Sadler-Smith,
1996). Such differences, Richardson (1995) speculates, might be due to mature
age students being more motivated by intrinsic goals and due also to life expe-
riences promoting a deep approach. Sadler-Smith suggests that ‘mature
students may, therefore, be more likely to be able to cope with the demands of
autonomous, student-centred approaches to teaching and learning than non-
mature students’ (Sadler-Smith, 1996, p. 376). This view is consistent with the
experience of the author and his colleagues who consistently find mature age
students in undergraduate cohorts far better adapted to the ‘autonomous,
student-centred approaches’ that typify architectural design andragogy.
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Two limitations need to be considered to assess the external validity of the results of
this study. Firstly, the concept of learning style fluidity is, by definition, a dynamic
construct. In order to examine the dynamic nature of learning styles it might be argued,
therefore, that a longitudinal study – retesting the sample of the same first-year students
when they have reached year three – is required to establish whether there are dynamics
at work that form an empirical regularity. Thus, although the type of between-groups
multivariate research design used in our study is commonly and successfully used by
educational researchers (Keselman et al., 1998), it might be objected that from a
comparison of learning styles between two different groups (first- and third-year) no
inferences can legitimately be drawn on ‘changes’ or ‘drift’ in learning styles over
time. In answer to such an objection, it must be reiterated that our hypothesis of learn-
ing-style drift must, of course, remain merely as a between-groups inferential statistic
until repeated measures allow for the testing of this hypothesis. Secondly, this study
is restricted to academic performance in the project-based assignments of an under-
graduate design studio and does not therefore apply to learning aptitudes in the many
other types of assignments that students are faced with in a diverse architecture
curriculum. Despite these limitations, the present study has implications for design
education. Knowledge of the strengths and weaknesses of various learning styles,
along with their implications for academic performance, may give students insights
into their potential academic weaknesses and teach them mechanisms by which to cope
and/or how to adapt their learning.
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